This research was conducted in order to assess the impact that climate change has on the demands for heating and cooling energy in hospitals in six cities located in six countries in the Indian Ocean region. Three scenarios (B1, A1B, and A2) of the Intergovernmental Panel on Climate Change (IPCC) were applied in the undertaking of this work. The hourly outdoor data relating to air temperature, wind speed, relative humidity, radiation, and atmospheric pressure recorded over the last 30 years were used as inputs by Meteonorm software to enable the forecasting. The averages obtained in all the 18 models used in the IPCC report 2007 were included in the Meteonorm software and applied for assessing the future climate. The Energy-Plus software was used for assessing the thermal performance of hospitals under natural ventilation, then the energy demand during five periods (past, current, 2030, 2060, and 2090). Thermal insulation was utilized as a passive strategy for reducing cooling and heating energy consumption in the hospitals. Results showed that the use of an envelope of thermal insulation in hospitals was one of the solutions that allowed a reduction in the energy consumption for cooling and heating while increasing the thermal comfort within the hospital. Moreover, by 2090, the ventilation system was recommended in all these hospitals for improving the quality of indoor air, since the heat rate was very high. In the cases of the six islands in the Indian Ocean, each of them represented by one city, the annual energy demand for cooling will increase between 17.1 and 25. 4% by 2030; 34.6 and 50.2% by 2060; and 60.8 and 95.1% by 2090. With the use of passive design as a strategy, the annual mean thermal performance of hospitals is predicted to increase to 184% by 2060, while 40% of the cost of cooling energy will be saved. Despite this, the outdoor climate will be 5% harsher in Victoria than in other cities by the year 2090.
Introduction
Taking into account all the changes that are regularly observed in our environment, and the multiplication of natural disasters occurring around the world (floods, droughts, famines, multiplication of diseases, cyclones, etc.), how do some people seem to ignore the impacts that climate change has on our environment? Nowadays, it can be observed that the world is taking note of these calamities, but in spite of that, the impact on nature remains unchanged. Indeed, the violent disasters suffered around the world in recent years had already been predicted several years earlier by climate change specialists and members of IPCC. Today, despite the efforts of the international community, all the clauses and resolutions adopted after several summits and conferences related to this phenomenon are not always given due weightage. Human degradation of nature remains very high. Firstly, the majority of developed countries continue to destroy the environment through new technologies, yet refuse to pay compensatory taxes to the international community. Secondly, it is seen that the developing countries, or poor countries, also continue to relentlessly exploit their natural resources, which previously served to protect the environment. At this rate of degradation, the planet Earth runs the risk of becoming uninhabited indegree of warming that is constantly on the rise. According to the new IPCC report (Meteorological Office, 2017) , during this current decade, high air temperatures were observed in some global regions. For example, throughout the year 2015, the degree of heat recorded was so high that 2015 was considered to be the warmest year of this decade. According to some researchers (Chan, 2011; Levy et al., 2004; Radhi, 2009; Rosenthal, Gruenspecht, & Moran, 1995) , it is predicted that the average air temperature during the period 2081-2100 is expected to be 0.3-4.8°C higher than that during the 1986-2005 period (IPCC, 2013) . The main cause of the rising global temperature is the build-up of green house gas emissions, such as carbon dioxide, methane, etc. (IPCC, 2013) . The increase in the outside climate is above all a natural phenomenon. Nevertheless, the global warming observed in recent years is a consequence of the action of human beings on nature (Nematchoua, Tchinda, Roshan, Ricciardi, & Nasrabadi, 2015a) . According to IPCC, the Indian Ocean region is one of the most vulnerable regions in the world when considering the high impacts of climate change. During this past decade, each one of the countries studied was ravaged by at least three cyclones each year, which significantly affects the outside climate. Only for the year 2018, the expectation is up to 26 cyclones in this region (Saincon Cyclonique, 2017) . According to A2 scenario, this study showed that the air temperature will register an increase of 3.1°C in this region. The energy demand in buildings depends on the fluctuations in the outdoor climate. It was seen that in the next decade the increase in air temperature increased the demand for cooling energy (Nakicenovic & Swart, 2000; Olonscheck, Holsten, & Kropp, 2011) . In the tropical Indian Ocean climate, the cold hours of discomfort tend to diminish, while the heat hours of discomfort increase considerably. The prime role of a building is to ensure the health of its inhabitants (Nematchoua, Tchinda, Orosa, & Andreasi, 2015b) . Energy efficiency in a building is very important for reducing energy consumption. The study of impacts of climate change on cooling and heating energy is not new. This subject has already been studied by several researchers; nevertheless, the results greatly depend on the kind of building, and the climate zone. Invidiata and Ghisi (2016) showed that the use of passive design strategies in a building can result in a reduction of up to 50% of demand for cooling energy. The research of Buontempo et al. (2015) showed that climate change has a significant effect on energy demand in buildings. Hernandez Neto and Fiorelli (2000) showed that EnergyPlus software was one of the best computer simulation programs allowing to assess the thermal performance of a building. The results found by Wang and Chen (2014) showed that in the USA (San Diego), by 2080, it will be very difficult to moderate indoor air with a passive design strategy due to very high warming levels. Asimakopoulosa et al. (2012) found that by 2100, cooling energy demands will increase by 248% in residences in Greece. In Al-Ain City, Radhi (2009) showed that in the next decade the air temperature will increase 5.9°C. This produce the increase of cooling energy of 23.5% compared to last decade. In Mexico, Oropeza-Perez and Østergaard (2014) found that in some warm climates in this country, thermal comfort was optimal in natural ventilation, resulting in low energy demand. In Australia, the researches of Guan (Wang, Chen, & Ren, 2010) in some commercial buildings showed that by 2070, the cooling energy will increase between 28 and 59%. In the literature, in commercial and residential buildings in Switzerland, Frank (2005) found that by 2100, the demand for cooling energy will increase from 223 to 1050%, while the demand for heating energy is expected to decrease between 36 and 58%. During the same year, in the same kind of building, Wan, Li, Pan, and Lam (2012) found an increase of cooling energy demand from 11 to 20% in China and Dodoo, Gustavsson, and Bonakdar (2014) found between 33 and 49% in Sweden. This research is original and presented several novelties, indeed, the choice in selecting to carry out this study in several countries of the Indian Ocean was not random. Indeed, this whole region suffers every year from significant damage related to the effects of climate change. The geographical positions of these countries can testify to the degree of vulnerability of this region to global warming. Each city studied in each country was considered as one of the most vulnerable cities to face the effects of outside climate in this region. No studies have been done as yet, to evaluate the heating and cooling energy demands, distributed in all the six countries of the Indian Ocean, and covering several climate zones. In the literature, there are several works which study the cooling and heating energy demands in houses, restaurants, hotels, etc., but very little in-depth study has been conducted in the case of hospitals, especially using several IPCC scenarios for forecasting of the outside climate. The results obtained in every research varied according to climate and studied place. The impact of climate change on energy demand has not yet been studied in this region in the past. This research will provide a database in this area. Hospitals are public places accessible to all social groups, even the poorest. Health conditions determine all human activities. The demand for energy is steadily increasing in hospitals that are spread over the Indian Ocean region over the past few years. This study assessed the M.K. Nematchoua et al. Sustainable Cities and Society 44 (2019) 629-645 thermal performance and energy demands in the hospitals and suggested one passive strategy for increasing the comfort hours while decreasing cooling and heating energy demands.
Objective
The purpose of this research is to assess the future effects that climate change has on energy demands in a standard hospital, while the same design is found in some cities of the India Ocean, but with different climates. One passive design strategy was integrated as a method allowing to improve indoor thermal comfort, and to reduce the effect of climate change on the energy consumption in the hospitals.
Method
This research is divided into five main parts, i.e. (a) assessment and forecast of climatic data in the six cities distributed in six Indian Ocean islands with three scenarios; (b) assessment of the thermal performance of hospitals in the six cities, presently and in the future; (c) assessment of the energy performance of the buildings, presently and in the next few years; (d) assessment of thermal energy performance of the hospital after using passive design strategy, presently and in the future; (e) evaluation of cooling and heating annual energy saving cost, currently and in the next few years.
Studied cities
The Indian Ocean extends over an area of 75,000,000 km 2 , which is nearly 20% of the globe. This ocean is known for its climatic diversity with several different types of seasons (dry season, rainy season, winter and summer, etc.). It consists of several beautiful islands such as Comoros, Seychelles, Mauritius, Reunion, Madagascar, and Mayotte islands. These countries of the Indian Ocean region are strongly dominated by the pressure of the sea which considerably affects the outside climate.
Madagascar is located between 20°00S and 47°00E. Regarding the area of Madagascar which is estimated to be around 592,000 km 2 , this island is the fourth largest island in the world. It is separated from Africa by the Mozambique Channel which is about 400 km wide. A mountainous spine of 1200-1500 m runs through the island from the north to the south along its length. This geographic situation, the landform, the maritime influence, and wind conditions, aid in causing extremely varied climatic conditions encountered on the island. Table 1 Some works on climate change impacts in buildings (Invidiata & Ghisi, 2016) . Both (commercial and residential).
M.K. Nematchoua et al. Sustainable Cities and Society 44 (2019) 629-645 (January is the wettest month). The rains are more intense on the northeastern coast and in the mountains. The average temperature is 28°C in December, January, February, and March. Hurricanes sometimes cause significant damage when they reach the shores of the three islands. In the dry season (May to October), temperatures are stable (24°C), and precipitation is moderate. Seychelles islands are 115 islands scattered over 338,500 km 2 , northeast of Madagascar, and about 1500 km offshore of Kenya, with Victoria as its capital. Seychelles has a tropical climate spread over two seasons (rainy season and dry season). The temperatures are constant all year long (30°C by day, 24°C by night), and rainfall is abundant (3000 mm per year). The sunshine is very important (7 h a day) and the humidity is always high. The temperature of the sea oscillates between 27 and 29°C all the year round. Hurricanes sometimes reach small islands south of the archipelago. During the rainy season between October and April, the temperatures slightly exceed 30°C, and the humidity is very high (more than 80%). The sky is regularly cloudy due to heavy rainfall. While in the dry season between May and September, temperatures are stable (29°C), rainfall is low and sunshine is very important.
Mayotte Island is about 1500 km from Reunion, and 400 km from Tanzania. This country comprises two main islands with an area of 374 km 2 , separated by an arm of 2 km and about 30 small islets dotted in one of the largest coral lagoons in the world (more than 1500 km 2 )
with its capital, Mamoudzou. The climate of Mayotte is of the "humid tropical" type (annual average of 25.6°C) with two seasons (dry and rainy seasons). From November to April, during which the monsoon Lat, latitude; Long, longitude; Alt, altitude; Ta, mean air temperature; RH, mean relative humidity; Va, mean wind speed; Gh, global radiation. Sustainable Cities and Society 44 (2019) 629-645 that approaches from the north, waters the island. The temperatures are high (27-30°C), and the humidity is very important. About 80% of the rainfall occurs during this period, which is a dry season, from May to October, during the austral winter. The trade winds coming from the southeast cool the atmosphere (20-25°C), the humidity rate is less important, and the rain is becoming scarce. Reunion Island is located at 700 km east of Madagascar, in the Mascarene Archipelago (in the Indian Ocean). The area of the island is estimated at 2512 km 2 , and its capital is Saint Denis. Its climate is of the humid tropical type. It varies significantly depending on the location, because of the relief of the island. There are two seasons: the "dry" season: from May to October, and the "wet" season: from November to April. The administrative hurricane season begins around November 15 and ends around April 30. The majority of cyclones are created from the end of December to March. Fig. 1 shows the location of every studied city. Other researches were given on the Table 1.
Climatic data
These six researched cities are located in six different bioclimatic areas that are subjected to different climatic conditions. They are some of the cities which are the most severely affected by the effects of climate change. The data used by Meteonorm software emanates from the U.S. Department of Energy (DOE), Energy Efficiency and Renewable Fig. 3 . Monthly mean outdoor air temperature for five different periods in six cities located in six countries with three scenarios (B1, A1B, A2).
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Sustainable Cities and Society 44 (2019) [629] [630] [631] [632] [633] [634] [635] [636] [637] [638] [639] [640] [641] [642] [643] [644] [645] Energy which provides weather data for more than 2100 locations throughout the world. It has five geostationary satellites updated and enhanced, especially for areas with high albedo. In this research, the data were regrouped into two categories, and each category into three separate periods. (i) Temperature, relative humidity, and wind speed: past (1961-1990), actual (2000-2009) , and future (2030, 2060, 2090) .
(ii) Radiation: past (1981 Radiation: past ( -1990 Radiation: past ( ), actual (1991 Radiation: past ( -2010 , and future (2030, 2060, 2090) . The periods (2000-2009) and (1991-2010) , for temperature and for radiation, respectively, were the periods most commonly used. However, at other stations, these standard periods were not the same. Some climate characteristics of these six cities are shown in Table 2 .
Simulation software
In this research, Meteonorm and Energy-Plus software were combined. Indeed, each one of these software has a precise function.
Meteonorm was defined as a meteorological database with climatology data for solar engineering applications at every location on the globe (Remund et al., 2017) . The results are stochastically generated 
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Sustainable Cities and Society 44 (2019) 629-645 typical years from interpolated long-term monthly means. They represent an average year of the selected climatology time period based on the user's settings. The main practice is focalized on databases and algorithms coupled regarding a predetermined scheme. It commences with the user specifying a particular location for which meteorological data are required, and terminates with the delivery of data of the desired structure and in the required format. As explained by the authors of this software (Remund et al., 2017) , measured and interpolated monthly values are of similar precision. Although measured data reflect the specific characteristics of a local site, they are always subject to measurement errors and these tend to be compensated by the interpolation process. Interpolated data should therefore be used at sites with no weather station in the vicinity (approx. 20 km distance) (Remund et al., 2017) . Some parameters such as radiation, temperature, etc., which were evaluated through calculations as opposed to measured data, are subject to greater accuracy for reducing error propagation. It is interesting to notice that the Meteonorm software was used this last decade in several researches for forecasting outdoor climate (Affandi, Ruddin Ab Ghani, Ghan, & Pheng, 2015; Al Tarabsheh, Etier, & Nimrat, 2012; Ciobanu, Eftimie, & Jaliu, 2014; Jylha et al., 2015; Nick, Mata, Sasic Kalagasidis, & Scartezzini, 2016; Srihari Vikram & Reddy, 2014; Stefanovic, Pavlovic, Bellos, & Tzivanidis, 2018; Waddicor et al., 2016; Wati, Meukam, Nematchoua, & Rene, 2015) . The most recent version, "Meteonorm 7.2 software" was used in this 
Sustainable Cities and Society 44 (2019) 629-645 study. It includes updated meteorological and turbidity data as well as additional features. Regarding the quality of databases, some data such as temperature and radiation were subjected to several tests. As a result, the root mean square error in interpolating monthly radiation and temperature values was found to be 7% and 1.2°C (Remund et al., 2017 
Models and scenarios
The average of all the 18 models used in the IPCC report 2007 (IPCC, 2007 is included in Meteonorm software and is applied for forecasting. Three different scenarios, B1 (low), A1B (mid), and A2 (high) are available in this software, and used in this study. The A2 Fig. 6 . Monthly mean wind speed for four different periods in six cities located in six countries with three scenarios (B1, A1B, A2).
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Sustainable Cities and Society 44 (2019) 629-645 scenarios are of a more divided world. The A2 family of scenarios is characterized by: a world of independently operating, self-reliant nations, continuously increasing population (Jump Up, 2000) . The B1 scenarios are of a world more integrated, and more ecologically friendly. The A1B scenarios are of a more integrated world; a balanced emphasis on all energy sources (Jump Up, 2000) . The anomalies of temperature, precipitation, global radiation of the periods 2011-2030, 2046-2065, and 2080-2099 were used for the calculation of future time periods.
The hospital
Choosing this type of building was not done at random. The hospital that was evaluated is of a standard design and is distributed in many cities of the Indian Ocean. Indeed, more than 15 such hospitals that are distributed in this region have the same design (CHU Hospital, 2013 
M.K. Nematchoua et al. Sustainable Cities and Society 44 (2019) 629-645
building was analyzed in a single orientation (main façade facing northwards).
In the hospital, only three blocks were permitted to be studied (Maternity, Pediatry, and Surgery or Emergency Room). All these three departments were almost similar (having the same design, same equipment and activity of occupant), excepting the number of sickrooms, which varied according to the number of beds and other requirements. Each block at the hospital had eight similar sick rooms, in which there were two rooms that were equipped with six beds per room, four rooms (four beds/room), and two rooms (two beds per room); and eight similar offices reserved for a doctor and trainee, which was separated from the sick room by a corridor. In each sick room, in the office, the ceiling height was 2.8 m. The total floor plan area per block was 693 m 2 (Fig. 2) . The walls were made of hollow concrete blocks 14.0 cm thick, and a layer of mortar 2.1 cm thick on each side. There were two windows per room, which were composed of one single glass pane 3.5 cm thick, and had a white curtain. The roof was made of white plywood 0.8 cm thick. The floor area was made of ceramic tiles 0.95 cm thick. Table 3 shows some thermal characteristics of the envelope of the Energy (kWh/m 2 ), frequency (%). Fig. 9 . Annual comfort hours in the hospital with passive design strategies in six cities located in six islands under natural ventilation.

building. Solar factor: represents the fraction of total incident energy passing through a glazed area of a habitat compared to the energy incident on it. The elements considered during the calculation are the "Direct Solar Energy" transmittance and the indirect values of heat transfer values.
Simulation with Energy-Plus software
The most current version (8.8) of Energy-plus was used to assess the thermal performance under natural ventilation and with passive design, taking into account the energy demands in the hospital for the three periods. The hospital was assessed considering six people per sick room and one per office. Some details on other parameters and thermal load are shown in Table 4 . The activities of people in different buildings were evaluated according to ASHRAE55 (Nematchoua, Ricciardi, & Reiter, 2017c) .
The thermal performance and energy demands were evaluated only in the sick rooms and offices (hospital). All the rooms were assessed in Fig. 10 . Annual energy demand of the hospital with passive design strategies in six studied cities under air-conditioned using three scenarios (B1, A1B, B2).
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Sustainable Cities and Society 44 (2019) 629-645 natural ventilation and air conditioning. According to previous researches carried out in the Indian Ocean region (Nematchoua et al., 2017a (Nematchoua et al., , 2017b (Nematchoua et al., , 2018 , in natural ventilation, the operative temperatures were fixed to be around 23.9°C in a hospital. In all the buildings, the artificial conditioning system was adjusted according to the activities of people in the environment. Regarding this study (Nematchoua et al., 2017b) , fixing the zone of thermal satisfaction in the region, for obtaining the energy consumption for air conditioning, the heating set point temperature was fixed at 18°C, and cooling set point at 24°C.
Adaptive thermal comfort
In natural ventilation, with Energy-Plus software, it was possible to evaluate the number of hours corresponding to thermal comfort in the hospital. According to the literature review, it is possible to estimate the comfort temperature when more than 80% of occupants find the environment comfortable (De Dear et al., 1997) . The comfort temperature varied from 22.9 to 27.2°C in the hospital (Nematchoua et al., 2017b (Nematchoua et al., , 2018 . The mean time number in which the buildings was thermally comfortable was assessed under the basis of the following equation:
(1)
With all the sick rooms being similar, and the offices almost similar, where t comfh is the mean number of hours per year of thermal comfort in the hospital, t c1 is the total number of hours of thermal comfort in one sick room by year, and t c2 is total number of hours of thermal comfort in one office by year. The analysis was carried out on three periods (past, present, and future), in the six capitals of the six islands that were studied. Fig. 11 . Annual cooling and heating energy cost of the hospital with passive design strategies in six studied cities under three scenarios.
M.K. Nematchoua et al.
Sustainable Cities and Society 44 (2019) 629-645 
Energy evaluation
The energy consumption was assessed under air conditioning in the three blocks constituted with each one of eight sick rooms and eight offices in the hospital. Only cooling and heating energy were considered, because other energy uses due to equipment, lighting, etc. were not directly affected by the effects of climate change. The total energy use per year for cooling and heating in every building was obtained according to the following equations:
With E h as the yearly energy use for heating of the hospital (kW h/ m 2 ), E hr is the daily energy demand for heating of one sick room (kW h/ m 2 ), and E hof is the daily energy demand for heating of one office (kW h/m 2 ).
where E c is the annual energy used for cooling of the hospital (kW h/m 2 ), E cr is the daily energy demand for cooling of one sick room (kW h/m 2 ), and E cof is the daily energy demand for cooling of one office (kW h/m 2 ).
Adaptation measures
Observing the applied methods in other researches (Invidiata & Ghisi, 2016; Nematchoua et al., 2015c Nematchoua et al., , 2017c Jylha et al., 2015; Nika et al., 2016; Waddicor et al., 2016; Wati et al., 2015) , in this study, for mitigating the impacts of climate change on thermal comfort and the cooling energy demands of buildings, thermal insulation was applied as passive strategy. For this purpose, expanded polystyrene was selected and applied on the roofs and walls of hospital in the six cities with different climates, and a comparison was carried out regarding the energy behavior and the variation of comfort hours in the buildings. The passive design strategy was freely selected on EnergyPlus, and applied on three periods (past, present and future). Table 5 reveals the thermal characteristics of the insulation used.
Annual total cost saving of heating and cooling energy demands
The cost of energy demands was evaluated by taking the average cost per unit of energy expressed in kW h, in each of the six cities studied. The currency used in the document is USD.
Results
Analysis of climate data
Figs. 3-6 show some climate data assessed in this study in the different cities during the three periods: past, present, and future (2030, 2060, and 2090) . Fig. 3 shows the monthly outdoor air temperature for different periods in the six cities located in six countries with three different scenarios (B1, A1B, A2). It can be seen that the air temperature did not vary with the same standard deviation in all the countries. According to scenario B1, by 2060, the annual mean outdoor air temperature in these cities will increase by up to 1.6°C, while regarding scenario A2, in these six cities, an average increase of air temperature between 2.5 and 3.2°C by 2090 was expected. It is important to note that the air temperature increase was weaker in Antananarivo than in the five other cities. In addition, Fig. 4 shows the comparison of monthly mean global horizontal radiation. In all the cities, the global radiation will slightly increase in the future. Regarding the three scenarios B1, A1B, and A2, it was seen that by 2090, the radiation will increase by up to 1.0, 2.2, and 5.2%, respectively, compared to the current values.
On the other hand, Fig. 5 shows the fluctuation in the monthly mean Thermal comfort (h), total energy cost ($/m2), total energy demand (kW h/m 2 ).
M.K. Nematchoua et al. Sustainable Cities and Society 44 (2019) 629-645 relative humidity during the different seasons in the cities. The relative humidity will decrease in the next decade in Antananarivo, Victoria, Moroni, and Mamoudzou, till 2.5 and 8.2% according to scenarios B1 and A2, respectively. Moreover, it is interesting to see that by 2090, the mean relative humidity will increase 3.5% (according to scenario B1), and 3.9% (A2), in Port Louis City and Saint Denis, respectively. Finally, Fig. 6 shows a comparison of monthly mean wind speed for four different periods. The wind speed will increase over the years in the four cities except Saint Denis and Port Louis. According to scenario A2, by 2090, the annual mean wind speed will increase 0.07 m/s in Antananarivo, 0.2 m/s in Victoria, 0.15 m/s in Moroni, and 0.26 m/s in Mamoudzou; but, it will decrease 0.19 m/s in Port Louis and 1.8 m/s in Saint Denis.
Analysis of thermal performance
The adaptive thermal comfort was adopted and the performance of the hospital was assessed in natural ventilation. Fig. 7 shows the performance of the hospital during the five periods in each city. According to scenario B1, by 2090, the indoor discomfort hours will increase by 9.7%, 1.1%, and 8.2%, in Antananarivo, Port Louis, and Saint Denis, respectively. Meanwhile, according to A1B, the indoor discomfort hours will increase of 3.3, 2.0, and 8.2% in Antananarivo, Port Louis, and Saint Denis, respectively. Nevertheless, regarding A2, in natural ventilation, it was noticed that all these hospitals were totally uncomfortable during all the seasons in each city. These results justify the strong pressure of the outside climate on the thermal performance of the hospital. It is imperative to use a passive strategy to improve indoor air.
Analysis of energy demand
In each city, cooling and heating energy was assessed during all the seasons according to the differently used scenarios. Fig. 8 shows the energy demand in the hospital. In all these cities, cooling energy varied from 589.2 to 2432 kW h/m 2 by 2030, and from 708 to 3450 kW h/m 2 by 2090 while heating energy was almost neglected. In all these cities, the annual cooling energy was higher than 1000 kW h/m 2 , except in Antananarivo. It is interesting to observe that demands for cooling energy will increase in the next decade compared to the actual energy demand. Summary results of energy demands in the future compared to the recent year are shown in Table 6 . It can be seen in Table 5 that by 2090, regarding scenario B1, cooling energy will increase by 22% in Antananarivo, 30.1% in Victoria, 17% in Port Louis, and 47.5% in Saint Denis compared to the current year. On the other hand, the scenario A2 showed that cooling energy will increase by 84.0% in Antananarivo, 61.0% in Victoria City, 47.3% in Port Louis, and 77.7% in Saint Denis compared to the actual year. The same scenario showed that cooling energy will increase only 9.4% in Moroni by 2090. These different energy growth demands can be due to global warming.
Analysis of thermal performance of buildings after using passive design strategy
For mitigating cooling and heating energy demands in the hospitals, expanded polystyrene was applied on the roofs and walls as passive design strategy during the five studied periods. Some results are presented in Figs. 9-11. Fig. 9 shows the annual thermal performance in the hospital with passive design strategies in six cities located in six islands under natural ventilation. In all the cities, it was observed that the comfort hours increased when we applied the polystyrene on the roofs and walls. Despite this, the heat and cool discomfort hours still remained significant. According to scenario A1B (middle), by applying the passive strategy (thermal insulation of envelope), by 2060, the thermal performance of hospitals will increase up to 85.2% in Antananarivo; 250% in (Moroni, Mamouzou, and Victoria); and 84% in Saint Denis. Globally, the thermal performance of hospitals was the highest (optimal) in Antananarivo and the lowest in Victoria City.
4.5. Analysis of energy demand and cooling cost after using passive design strategy Fig. 10 shows the annual energy demands of the hospitals, with passive design strategies in the six studied cities under air conditioning. Similar to the results showed by Kameni et al. (Nematchoua et al., 2017a; Nematchoua et al., 2015d) , it was seen that cooling energy decreased when insulation thickness was optimal and fixed to be around of 0.057 m. By 2090, cooling energy demands will decrease up to 40% in all the cities after applying thermal insulation on the roofs and walls. The cooling energy demand was the least in Antananarivo compared to the five other cities. Fig. 11 shows the annual cooling and heating energy cost in the hospitals with passive design strategy. In all the cities, the annual energy cost will decrease with the implementation of thermal insulation of the envelope. According to scenario A2, by 2060, cooling energy costs will decrease 40.4% in Victoria, 36.3% in Moroni City, 34.7% in Mamoudzou and Saint Denis, then 28. 8% in Port Louis, compared to the current year. Table 7 shows a summary comparison of thermal performance in buildings, and the annual energy costs with passive strategy for six cities situated in six islands during two study periods.
Analysis of Table 6 shows that the implementation of insulation on different faces of a building is very important for improving the thermal comfort of the hospital and reduces the cooling and heating demands. Moreover, it was noticed that from 2090 the passive strategy does not improve the indoor air because the heat rate is very high. According to scenario B1, thermal insulation applied on the roofs and walls of the hospital will allow to save by 2090, 901$(USD) in Antananarivo, 18 532$ in Victoria, 13 077$ in Moroni, 11 951$ in Mamoudzou, 8227$ in Port Louis City, and 12 124$ in Saint Denis City.
Discussions
Indoor air should be moderate and comfortable to support the healing of patients in hospitals. Nowadays, several effects linked to climate change directly affect human health. The interpretation of the results of this study shows that in natural ventilation, patients in the studied hospitals were uncomfortable.
The application of thermal insulation on the building facades will allow to improve thermal comfort and reduce energy consumption. The thermal performance is optimal by fixing at 0.04 m expanded polystyrene. These results confirm the results found by Kameni et al. (Nematchoua et al., 2015c) , who found in a study conducted in hot and wet tropical climates that the thickness of the insulation was set to be around 0.057 m for optimal habitat performance.
The external climate is increasing alarmingly. The air temperature has a significant effect on energy demand. Indeed, the average temperature is expected to increase up to 1. 9 and 3.1°C according to scenarios B1 and A2, respectively, in the next decade, in all the cities, compared to the current year. This variation is not a surprise because it was predicted by the IPCC (IPCC, 2007) . The strong fluctuation of the indoor climate may be due to the geographical location of each of these countries. In all the six cities, air temperature increases the highest in Victoria City and the least in Antananarivo. The weak rise in air temperature in Antananarivo City compared to other cities can be due to altitude effect. Indeed, this city is located at an altitude of 1274 m (Table 1) . In all the cities, the discomfort hours are over 8000 h per year (Fig. 7) in natural ventilation in the hospitals. This shows that the majority of sick rooms were uncomfortable. Thus, by 2090, regarding scenario A2, the demand for cooling energy was expected to be between 934.8 and 3448 kW h/m 2 in all the cities. Moreover, with thermal insulation in all the cities, the demands for cooling energy will decrease by up to 819.6 and 1845 kW h/m 2 . In all the cities, the annual cooling M.K. Nematchoua et al. Sustainable Cities and Society 44 (2019) 629-645 energy demand will increase between 17.1 and 25.4% by 2030; 34.6 and 50.2% by 2060; and 60.8 and 95.1% by 2090. These results are close to those found by Yilha et al. (Jylha et al., 2015) , in the Finland residential areas. It can be seen that the results of each one of these studies (Dirks et al., 2015; Huang & Hwang, 2016; Radhi, 2009) depended on climate type and building design. As shown in Fig. 11 , the passive strategy will allow to save by 2090, 10 $/m 2 in Antananarivo, and 214 $/m 2 in Victoria, and an annual mean of 124.7 $/m 2 for all the cities. This cost is close to those found by Kameni et al. (Nematchoua et al., 2015c) in a wet and hot tropical climate. From 2060, with the rise in outdoor climate, the heat discomfort hours will increase, while the cold discomfort hours are expected to decrease, as shown by Invidiata and Ghisi (2016) . By 2060, the thermal performance will increase up to 184% with insulation of the envelope. In fact, thermal insulation limits the transfer of heat through the walls. As in some other researches (Chan, 2011; Invidiata & Ghisi, 2016Rosenthal et al., 1995 Wang & Chen, 2014) , other passive strategies can be used, such as: solar shading, roller shutters, and low absorptance, with the aim to improving indoor building performance while reducing demands on cooling and heating energy.
Conclusion
This research evaluated the effects of climate change on energy demands in the hospitals in six cities located in six islands in the Indian Ocean region. The average of all the 18 models used in the IPCC report 2007 is included in Meteonorm software and applied for assessing the future climate. In the next decade, as asserted IPCC in 2007, the air temperature is expected to be around 1.9 and 3.1°C, in all the cities studied, according to the scenarios B1 and A2. Thus, this variation of temperature will have a significant impact on cooling energy demands in hospitals. Global warming affected the thermal performance of the hospitals. From 2090, because the heating rate was very high, a proper ventilation system will be required in order to improve indoor air quality inside the hospitals. In the next decade, with relative humidity over 85% and air temperature under 18°C, the environment would be totally uncomfortable. The use of thermal insulation allows to save up to 40% of cooling energy cost in the hospitals. It was found that cooling energy decreases when insulation thickness increases up to 0.04 in all the cities. It is very important to think about the future climate conditions. The results of this research should allow to some governments of Indian Ocean to adopt passive design strategies for mitigating the effects of climate change on energy consumption. The choice of adapted materials for the new climate and passive design are two different suggested strategies for reducing energy consumption in the buildings, while increasing the thermal comfort of the environment. Nevertheless, this work, such as other studies in the literature, has some limitations which will be solved in future researches: -Alone, one city per country were analyzed. These countries have several territories with different climate conditions. -Alone, one standard hospital was evaluated, it is important to extend this study in other places such as schools, hotels, shopping centers, household, etc. -Alone three emission scenarios were considered, it is also important to expand this study by using other new scenarios, such an RCP 2.6, RCP 4.5, and RCP 8.5. -Alone one passive design strategy was applied, it will interesting to extend this research by using other passive design strategies to mitigate the impacts of climate change on the energy demand, such as, low absorptance, and solar shading.
